Two polyacetylenic antibiotics, peniophorin A and B, have been isolated from a strain of Peniophora affinis. Both have antibacterial and antifungal activity, but B is 3 to 20 times more active than A. Gram-positive cocci and a strain of Proteus vulgaris were especially susceptible to these two antibiotics. Both peniophorins contained an aromatic ring; B was an acid, and A was neutral. Peniophorin B was shown to be 2-(1-oxo-2,4-pentadiynl)phenyl acetic acid. The structure of A was only partially elucidated; it is suspected to be 6-[2-(1-oxo-2,4-pentadiynl)phenyl]5-methoxy-3-oxo-4-hexene-l-ol. The pH was adjusted to 5.9 with 1 N NaOH before autoclaving.
The pH was adjusted to 5.9 with 1 N NaOH before autoclaving.
Production of antibiotics. Growth from 1-monthold slants was inoculated into 250-ml Erlenmeyer flasks containing 50 ml of CAsp medium (Fl) . After 5 to 7 days of incubation at 28°C without shaking, pieces of pellicle were transferred to flasks of fresh medium (F2), which were then incubated in the same way. The entire mycelium of each F2 flask was transferred into a 2-liter Erlenmeyer flask containing 150 ml of CAsp medium. These flasks were incubated at 28°C for 3 to 5 days without shaking, then on a reciprocal shaker for about 14 days (New Brunswick Scientific, Edison, N.J.; model 5713, operated at 60 cycles per min).
Antimicrobial assays. Broth filtrates were routinely tested by a streak dilution assay (11) with nutrient agar (Difco) and the following four test organisms: Pseudomonas aeruginosa NC 2, Proteus vulgaris 73, Staphylococcus aureus 100-113, and Saccharomyces cerevisiae 216.
Solutions in organic solvents were assayed by diffusion from paper disks saturated with the solution and air-dried before placing on nutrient agar plates containing 10 ml of agar seeded with P. vulgaris.
Pure peniophorin A and B were first put in solution in dimethyl sulfoxide at the level of 20 mg/ml. Further dilutions were made in nutrient broth adjusted at pH 7.2 and incorporated into agar. Bacteria were incubated at 37°C; the fungi were incubated at 28°C. All assays were run in Difco nutrient agar or potato glucose agar (10) . Extraction, separation, and purification of antibiotics. Whole broth (pH 4.5) was filtered. Oneliter portions of the filtrate were extracted twice with 200-ml portions of ethyl acetate in stoppered flasks shaken on a slow reciprocal shaker overnight. Extracts were combined and taken to dryness on a rotary evaporator at 40°C. Since polyacetylenic compounds are more stable to storage in solution than in solid form, the residue of crude antibiotics, usually 140 to 160 mg/liter of extracted beer, was dissolved in chloroform and stored at 0°C. In one purification, 280 mg of crude antibiotics in chloroform was applied to an 80-g column of pH 4 TLC. For thin-layer chromatography (TLC), all the separations were performed with 5-by 10-cm Machery-Nagel (MN) precoated plastic sheets, Polygram sil G/UV 254, or Eastman Chromagram 13179 silica gel (no. 6061). Antibiotics A and B were well separated with chloroform-acetone (90:10). Active spots were disclosed by bioautography with nutrient agar plates seeded with P. vulgaris or P. aeruginosa. Spots were also visualized by quenching of the fluorescent indicator of the MN TLC plate and by sprays of dilute alkaline potassium permanganate (both), bromophenol blue (B only), saturated dinitrophenylhydrazine in 10% HCl (A only), and 10% HCl (A only).
Spectra. Ultraviolet spectra were obtained on freshly prepared dilute solutions in ethanol with a Beckman UV 5270 spectrophotometer. Infrared spectra were taken on both KBr disks and chloroform solutions with a Perkin-Elmer model 283 spectrophotometer. Nuclear magnetic resonance (NMR) spectra were obtained on deuterochloroform solutions with tetramethylsilane as internal standard with a Varian T-60 or a Varian SC-300 instrument. For one 300-MHz scan, a drop of fully deuterated benzene was added to the test solution (3.4 mg of B ester in 0.5 ml of CDC13) to shift one band away from the interfering CHC13 peak. The mass spectrum of B-ester was run on an LKB-9000 instrument.
Peniophorin B methyl ester. Peniophorin B methyl ester was prepared by using boron trichloridemethanol and purified by column chromatography on silica eluting with chloroform.
Oxidation of peniophorins A and B. Each antibiotic in dilute aqueous bicarbonate was oxidized with excess permanganate. After removal of the MnO2, the supernatant was acidified and allowed to evaporate to dryness. Phthalic acid was extracted from each residue with ethyl acetate. To phthalic acid purified by preparative TLC (0.2 mg) was added resorcinol (0.2 mg) and concentrated sulfuric acid (0.2 ml). The mixture was heated for 12 min at 1300C in a sand bath. The cooled reaction mixture was diluted with water and made alkaline with 40% NaOH. A control reaction was carried out with the phthalic acid omitted.
Catalytic reduction of peniophorin B. Peniophorin B was hydrogenated with hydrogen and platinum oxide in a Brown hydrogenator (4). After filtration and evaporation of solvent the residue was dissolved in dilute aqueous sodium bicarbonate. This solution was washed with chloroform and acidified. The oily acids were extracted with CH2Cl2. A portion of this extract was used for the infrared spectrum and the remainder was esterified with BCl3-methanol as for antibiotic B.
RESULTS
The maximum antibiotic activity obtained in filtered broth as measured by streak dilution assay, observed after about 14 days, was 1,000 dilution units per ml against P. vulgaris, 30 units against S. aureus, and 10 units against S. cerevisiae. No activity was shown by the broth against P. aeruginosa.
Stability experiments by the streak dilution assay with P. vulgaris, S. aureus, and S. cerevisiae revealed that there was no loss of antibiotic activity from filtered broth adjusted to pH 2, 4.5, or 7 after 5 days at 40C, 4 ular formula of C14H1003 for the methyl ester and therefore C13H803 for the antibiotic.
With the 300-MHz instrument, the bands due to the four aromatic protons of B methyl ester could be resolved, and the splitting patterns could be explained by the ortho disubstituted benzene structure shown in Fig. 1 . The splitting patterns were confirmed by decoupling experiments. The chemical shifts and approximate coupling constants are shown in Table 2 . The ortho disubstituted benzene structure was verified for both antibiotics A and B by their permanganate oxidation to phthalic acid. Phthalic acid from both A and B was shown to be identical with an authentic sample by TLC and ultraviolet spectral comparisons. The Rf was 0.6 in benzene-methanol-water and 0.4 in ethanolammonium hydroxide. Ultraviolet maxima in dilute HCI were 227,276, and 282 nm (shoulder). All three samples were reacted with resorcinol to give fluorescein which had the characteristic intense yellow-green fluorescence in alkaline solution (6) .
The various structural units indicated by the infrared and NMR spectra for peniophorin B could, in theory, be combined in several ways: structures 1, 2, and 3 in Fig. 2 as well as Fig. 1 . Fig. 2 . Ketones but not acids are readily reduced to alcohols in the presence of hydrogen and platinum, but only benzylic alcohols are further reduced to hydrocarbons under these conditions (5) .
The NMR spectrum of the reduced material showed some bands attributed to impurities but an asymmetrical triplet at 1.06, methylene at 1.2 to 2.06, both ArCH2 and COOCH3 as a slightly broadened singlet at 3.738, and aryl H at 7.2 to 7.58. By direct measurement the methylene band of phenylacetic acid was 3.78.
Structure 1 (in Fig. 2 ), whose reduction would also give structure 4, was eliminated because there was no coupling between the methylene and the terminal acetylene hydrogens in the NMR spectrum of B methyl ester. Long-range couplings across triple bonds are well known and would be expected to be >1 Hz in this case (2, 7) . In reference 2 the infrared and ultraviolet spectra of structures 5 and 6 in Fig. 2 are contrasted. Structure 5 has a typical and strong ultraviolet absorption and strong acetylene stretching in the infrared like B ester, whereas structure 6 has a weak uncharacteristic ultraviolet spectrum and weak acetylene stretching. The infrared spectrum of B ester is essentially identical to that of structure 7 in Fig. 2 (3 Thaller, in press). The producer of the polyace-The peniophorins were active against grampositive and gram-negative bacteria, but peniophorin B, the acid, was always more active than peniophorin A, which was a neutral substance. Only peniophorin B was tested for activity against mycobacteria and fungi. The level of activity was low. The most susceptible organisms to these two antibiotics were found among the staphylococci, the streptococci, and the micrococci. One strain of Proteus vulgaris was also susceptibility to low levels of these two antibiotics (less than 1 ,jg of B per ml and about 10 jig of A per ml).
It is obvious that the antimicrobial activity of polyacetylenes is different from that of polyenes, which are most often strictly antifungal and antieucaryotic.
There seems to be a paucity of information about the mode of action of polyacetylenic antibiotics. No 
